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Experimental study on the auditory feedback navigation of mobile robot
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Abstract This paper discloses the result of the experimental study which explores the feasibility
and performance of manual auditory navigation system of a mobile robot. The navigation is based on
the sensory capability of a human which is refered to as the sound source localization. The operator is
instructed to navigate his mobile robot to the location where a sound source is located, based on the
auditory cues given to the operator via three dierent sound playback devices for three dierent sound
sources. The binaural sound which is fed to the operator is captured with a dummy head microphone
mounted on the mobile robot. Experimental results indicate feasibility of the auditory navigation,
provided that the interaural dierences contained in the binaural signal are properly transmitted to
the operator's ears.
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Fig.1 Mobile robot navigation experiment based































Fig.2 Control signal connections
Fig.3 Dummy head microphone for recording binau-
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PWMの duty 比 で，0 ～ 100 [%] の整数値がとりうる
値となる．逆回転を指令する場合は与える数値に負号を
付すので，回転方向の制御とあわせ，モータへの制御入




ある．そこで，モーターユニットに対して 10, 40, 70[%]
の 3種類の duty 比入力をステップ状に与えた場合の出
力角度応答を測定した．その結果が図 5 である．これよ

















転角速度を !R(t); !L(t)，左右モータに対する duty 比










































度および姿勢角速度を制御する入力 UV (s)および U
(s)
































































Fig.5 Step reponses for 3 dierent duty ratio inputs
Table 2 Hardware features of LEGO NXT motor unit
Element Feature
control input PWM duty ratio with direction sign
(-100 to 100 integer)
gear ratio 48:1
encoder 12 [PPR] with two phased outputs
(connected to motor with 10:32 gear
resulting in 1[deg] resolution of output)
Fig.6 Block diagram of the PI control system for
mobile robot






 = 5:0; TIV = TI













固定とし，その点を中心として半径 3m，中心角 120 の
扇形を描く．この扇形の円弧上の点について，ロボット







































Fig.7 Setup of the Experiment
Table 3 Result of the expriment
white pink pure tone
Headphone ○○×○ ○△○○ ○△××
ES-7001 (3D mode) ○○△○ ○○○○ ○×△○
ES-7001 (Stereo) ○○×× △××○ ×△×○
What symbols in the table mean.
○    Successful attempt
△    Heading to correct direction, but ended an
attempt not suciently close to target. Or
mobile robot is close to target but operator
lost direction.
×    Lost and/or ended an attempt too far from
target
から被験者による操作入力とロボットの応答の一例を，
図 9 に対応するロボットの走行軌跡を，図 10に同一被
験者が誘導に失敗した場合の操作軌跡を示した．図 8お


















Fig.8 An example of navigation input and the robot
response : Successful attempt





















きない．文献 2) では HRTFが畳み込まれた短い持続時
Fig.10 An example of navigation input and robot re-
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